Introduction
There are various measures of the length of life which are used for many different purposes. The most basic is the expectation of life which simply estimates the average length of life until death. This measure has been extensively investigated (see, for example, Pitacco et al, 2009 ) and it and related measures are used in calculations of the cost of providing pensions and annuities. Another measure is the healthy life expectancy, which is used in calculations of the costs of providing care for the elderly, for example. In this paper, we consider another hybrid measure which takes into account considerations included in both the life expectancy and the healthy life expectancy. This measure estimates the amount of time a person is likely to spend in the workforce, up to retirement age. Clearly, this must take into account the possibility of death before retirement, and also the chances of being out of work prior to retirement age due to health problems. However, it must also take into account all of the other reasons for not being able to work, such as no suitable employment being available, early retirement, elder-or child-care duties, and so on.
The worklife expectancy also has an important practical use. It is used to determine the level of damages an injured person is entitled to receive in compensation for loss of future earnings following an accident where someone else is to blame. As the loss of future earnings is unknown at the time of trial or settlement, they must be estimated, and the life expectancy and the worklife expectancy are the basic tools for doing this. Both are made available for use by lawyers in the Ogden Tables. These tables, named after Sir Michael Ogden (who was instrumental in their creation), bring together statistics, actuarial science and economics in order to provide a set of reasonable and reliable estimates for use in the calculation of damages for a future loss. It is noteworthy that these tables represent a real consensus: not an easy thing to achieve in the litigious world that lawyers inhabit! It is recognised that life expectancies and worklife expectancies represent the average of a distribution of all possible actual outcomes and that they will not be accurate for any one individual. It is never possible to predict exactly how long an individual will live, but we can forecast reasonably accurately the average future lifetime for a large group of people.
The Ogden Tables are updated on a regular basis to take into account new information such as revised mortality data. The latest edition, the Sixth Edition, was published in May of 2007 and gives the most detailed guidance yet on how the parties, their lawyers and the courts should assess damages for personal injury and accidental death. An important new feature of the Sixth Edition is an improved methodology for the calculation of loss of future earnings which takes account of the additional time a person spends out of work due to the effects of residual impairment caused by the injury. Worklife expectancies calculated from previous editions of the Ogden Tables were widely recognised as having become unrealistic, although they were based on the best available information at the time they were originally complied (Bloomfield and Haberman, 1990) . Since then, much better data and techniques for their analysis have become available. These are used in Butt et al (2008) which estimates the work life expectancies which are published in the Sixth Edition. Butt et al (2008) have used data from the Labour Force Survey (LFS), a continuous sample survey administered and published by the UK Office for National Statistics (ONS), in order to estimate a set of the work life expectancies. The LFS collects information on a range of individual employment-related characteristics, such as sex, age, occupation, industry, region of residence, educational achievement and disability status. The data analysis carried out in Butt et al (2008) was able to identify the characteristics that have the greatest impact of the worklife expectancy. One of the most important factors is whether or not a person has a disability. This is, of course, of particular importance in the context of a claim for compensation in respect of loss of future earnings following a personal injury.
For claimants who have sustained continuing and residual impairment, but who have remained medically capable of work, the courts in England and Wales, without any better information to use, have based their judgments on the effect of a disability on work life expectancy on case law, and one case in particular, Smith v Manchester[1971] . This award comprises a lump sum which is made in respect of competitive disadvantage on the labour market suffered by the claimant following injury. This award has become known as a Smith v Manchester awards. Research by Lewis et al (2002a Lewis et al ( , 2002b Lewis et al ( , 2002c has shown that such awards lead to systematic under-compensation. The impact of disability on future employment was found to be very significant, much more so than was being recognised by the courts when awarding a Smith v Manchester award.
The research of Butt et al (2008) was extended has been to develop a new methodology to include the impact of disability in the calculation of loss of future earnings. The conventional method of calculation, already used by the courts, uses a formula populated by estimates from the Ogden Tables. The formula was adapted to incorporate the Feature: Work Life Expectancy: calculating compensation for loss of future earnings substantially greater employment risks experienced by the disabled. Both the estimates and the formula are included in the Sixth Edition of the Ogden Tables. Their application is likely to increase the level of damages in the UK, though to a varying extent according to individual circumstances.
It should be noted that the over-riding aim of the statistical research is to provide tables which will provide guidance to the courts and enable them to deal fairly with all cases. However, it is ultimately the judiciary who approve (or otherwise) the guidance. Estimates of life expectancy and worklife expectancy published in previous editions of the Ogden Tables were generally accepted and were not adjusted by the judiciary. There was a general recognition that the application of the average value to each individual is the best that can be achieved. The discretionary element in an award for loss of future earnings was the Smith v Manchester award.
In replacing the need for a Smith v Manchester award, the Sixth Edition has removed this element of judicial discretion. The courts have responded by applying discretion to the estimated worklife expectancy. As well as being inconsistent with the previous approach, and the approach taken for other factors, including estimates of life expectancy, we believe that such an instinctive approach is likely to lead to arbitrary, uncertain and inappropriate awards of damages. In what follows of this brief paper we set out the methodology used in the Sixth Edition of the Ogden Tables and we explain how this is used by the courts in assessing compensation awards.
Methodology, data and results
The methodology used to analyse the data from the LFS is based on the theory of Markov chains. This assumes that what happens in the future depends only on the current state, and not on any previous history. While this makes the analysis of the data feasible, it does mean that future employment prospects depend only on whether a person is employed or not at present: the previous history is not taken into account. While we know that previous employment history is an important determinant of future employment, the reason for using a Markov approach is that the data requirements are met in a one year panel. In order to investigate longer-term employment effects, much more information would have to be used about the history of transitions between states. This is not available to a sufficient extent at present. Also, the analysis would be much more complex, which would undermine the aim of providing a formula that could be used and understood by lawyers. Finally, it is not clear that the estimates needed for the Ogden Tables, which are broad group averages rather than individualised predictions, would be greatly affected if the data on employment history were included.
The estimation is based upon 20 quarters of the LFS (1998 LFS ( -2003 , which collects information on an extensive set of individual labour force characteristics and outcomes from a rotating sample of around 60,000 representative households. These households include roughly 140,000 individuals of working age. Each quarterly cross-sectional sample is formed by five separate waves (cohorts) of an approximately equal numbers of respondents. Each household takes part in the survey for just over a year and is re-interviewed during this period five times at approximately quarterly (13 weeks) intervals. By merging the matched sections of consecutive cross-sectional samples, the ONS constructs five-quarter quasi-longitudinal LFS data sets, each providing a one year observation window into the labour market experience of the UK labour force. The Markov chain model makes use of observations on the timing and number of movements between transient labour market states to predict, over the course of a working life time, the likely time spent in a particular state. The model includes a number of factors which would be expected to have a strong impact on future employment risks, such as age, sex, and a number of socio-economic factors. Previous editions of the Ogden Tables have  included factors such as industrial sector, region of residence and level of aggregate economic activity. These were investigated along with other factors that could not be included previously.
The LFS data in relation to the employment outcome are more detailed than we required. For example, economic activity/inactivity is classified into 29 categories. For our purposes, the important distinction is whether or not a person is in employment and therefore the multiple categories indicating various forms of economic activity and inactivity were aggregated into two transient states, employed and non-employed (Table 1 of Butt et al (2008) reports the full classification and distribution of the LFS variable INECACA). The aim of the analysis was to map the flows of each labour force cohort between the different economic states (E and NE) by means of transition rates.
In the USA, work life expectancies are estimated by the Bureau of Labor Statistics and are published in the form of Worklife Tables. The estimation is based on the application of a Markov increment-decrement model. The Worklife Tables are used for damages calculations and the methodology has evolved from the "relative frequency" approach developed by Smith (1982) , based on a two state Markov process. Smith (1986) subsequently extended this modelling strategy further by including the effects of race and education. Further extensions and refinements are contained in Ciecka et al. (1995 Ciecka et al. ( , 1997 Ciecka et al. ( , 2001 , Richards (1999 and and Millimet et al. (2003) . In comparison to the US, there has been little interest within the UK economics profession in the modelling and measurement of lifetime employment outcomes, with more of a focus on investigating the incidence and duration of unemployment for particular segments of the population (usually disadvantaged): see for example Narendranathan and Stewart (1993) , Stewart and Swaffield (1999) , Arulampalam et al (2000) . Haberman and Bloomfield (1990) is the first reported attempt. In this study a mix of data from the 1970s and 1980s was analysed in order to provide detailed life time employment risks estimates for England and Wales. The data available at that time were not sufficient for a full analysis. Subsequently, Lewis et al (2002a Lewis et al ( , 2003 used a Markov chain model, but their purpose was not directly the estimation of work life expectancies.
In terms of compensation awards for injuries that affect someone's ability to work, the crucial point is to ensure that the estimates include the effects of disability and that the definition of disability used in the estimates matches, as closely as possible, that used by the courts. Our estimates combine two measures collected separately in the LFS. The first measure refers to the adverse effect of impairment on either the amount or the type of work that can be undertaken. The second is defined in the terms of the Disability Discrimination Act (DDA) of 1995 as "having a substantial adverse effect on the respondent's ability to carry out day-to-day activities". In our estimates both criteria must be satisfied and the impairment which gives rise to the disability must have lasted (or be expected to last) for at least a year. By comparison, a claim for loss of future earnings is based upon a long standing impairment which satisfies the DDA definition and which also affects earnings.
The LFS contains information on industry, occupation, area of residence, educational achievement and disability status and many other variables which might be expected to affect the employment outcome. Our data analysis included the investigation of many of these but it was found that, next to disability status, educational attainment was the factor of over-riding importance. Its importance derives from its relationship to skills, and in particular transferable skills. Educational attainment is measured in the LFS as HIQUAL, Feature: Work Life Expectancy: calculating compensation for loss of future earnings the highest qualification achieved. We use a five-level categorisation in which HD represents degree or higher, D represents higher education below degree, A represents A level or equivalent professional qualifications, GE represents GCSE levels A-C or equivalent and O represents other or no qualifications (see Butt et al 2008 for further details).
Mathematically, we make use of a Markov process in a continuous time setting specified by the exact age x of the individual under consideration. The model is defined by two transient (alive) economic states (employed, E, and non-employed, NE) and an absorbing state corresponding to the risk of pre-retirement mortality. Given that the mortality hazard rates are not estimated directly from the available labour force data, we simply refer to this setting as a two state model. The model is stratified with respect to age, sex, education and disability status, with the time-varying feature of the underlying process simplified to maintain the simplicity of constant transition intensities by adopting an approximating stepwise function approach. Intuitively, this involves breaking down the working lifespan into single years defined by consecutive exact age intervals (x, x + 1) and estimating age-specific transition intensities, μ ij x , between the economic states i and j. Using this methodology, the crude transition intensities at each working age were estimated and then smoothed using cubic B-splines. In this way, the Markov chain model allows the estimation of age-specific transition probabilities between the two economic states.
Aggregated over a life time, these probabilities form the basis for the estimation of the work life expectancy. This is a summary statistic that gives the total number of years a person, on average, is likely to spend employed throughout his/her remaining working life, conditional on the starting economic state. From the point of view of damages calculations, the estimates of the future number of years over which loss of earnings occurs will reflect the overall labour market risks and also the risk of pre-retirement mortality. In order to compensate for the early-receipt of all future streams of lost earnings in a form of a single lump sum, it is necessary also to discount for the expected future real rate of return r, on the basis that the lump sum should generate a risk-free investment return. Legally, this is set by the Lord Chancellor and currently stands at 2.5 per cent. Finally, for practical considerations, the discounted work life expectancy is usually expressed relative to the discounted life expectancy up to retirement age. This gives a number which represents the proportion the time up to retirement age that can be expected to spent in employment (discounted by the real rate of return). This is known as a "reduction factor" (RF) because it indicates how much the expected future earnings (discounted for receipt as a lump sum) should be reduced to take into account the expected time not spent in employment. Figure 1 shows the smoothed age-specific transition hazard rates by starting status, disability and sex. Looking first at the left panel (a), which displays E to NE transitions (out of employment), it can be seen that the transition intensities to the NE state are broadly similar by sex and by disability, although they are consistently slightly higher for the disabled (D). In contrast, in the right panel (b), which displays the NE to E transitions (re-entries into employment), the difference by disability status is marked, as is the difference between men and women who are both non-disabled. This analysis clearly identifies the low intensity of re-entry from a state of NE as the key source of labour market disadvantage for the disabled.
These finding are broadly consistent with those of Burchardt (2000) , using the British Household Panel Survey (for 1997), who reports that 17 per cent of those who acquire a disability while in work exit within a year, compared to 7 per cent who remain nondisabled. Of the disabled who find work, 33 per cent exit within a year compared to 20 per cent of the non-disabled. The discrepancy in transition rates between non-employment and employment (i.e. re-entry) by disability status is much greater than for exits. The hazard rate for re-entry into employment within a year for the disabled is 4 per cent compared to 24 per cent for the non-disabled. Figures 2 and 3 show the age-specific RFs for males and females, by disability status and by educational attainment. RFs are also reported without the effect of education.
Some interesting features can be seen from these figures. For example, it can be seen that the level of education has little impact on the employment risks (and therefore on the work life expectancy) for non-disabled men who are employed. The same is true for non-disabled men starting from non-employment, prior to the age of 50 years. In contrast, disability is associated with a large increase in employment risks and a large reduction in the working life expectancy. The impacts of both educational attainment and starting employment status on employment risks are much greater for disabled men. The RFs for women display the same broad patterns in relation to age, education, employment status and disability to those observed for men. As expected, the effects of child care are evident in lower RFs prior to the age of 40 years for females. In addition, the effects of education and starting employment state are greater for women than for men in both the non-disabled (ND) and disabled (D) states. Feature: Work Life Expectancy: calculating compensation for loss of future earnings These reduction factors were refined and simplified for use by lawyers. Their inclusion in the Sixth Edition of the Ogden Tables is discussed in the following section.
The Sixth Edition of the Ogden Tables and some Practical Issues
The improved data and the analytical methods described in section 2 have enabled improved estimates of the employment risks for all sections of the population to be obtained. These estimates have been included in the Sixth Edition of the Ogden Tables. Ogden Tables are  used as impartial guidance to assist lawyers in the calculation of a future loss with a view to providing both sides with a degree of consistency and certainty and avoiding the need for costly and complicated expert financial evidence The tables include a substantial section covering the effects of mortality risks over a working life time, together with a section covering employment risks. Worked examples are provided which illustrate the use of the tables provided. The tables are regularly updated, taking into account (for example) the most recent estimates of mortality rates. However, in its treatment of disability within the calculation of loss of future earnings, the Sixth Edition contains a key departure from previous editions. It is recommended that a completely different approach is taken from the current practice in which the main calculation is based on employment risks which assume that the claimant is not disabled (both pre-and post-injury) but then adds an extra amount (a Smith v Manchester award) to allow for the negative effect of disability on their future employment prospects. Disabilityadjusted employment risks, published in the Sixth Edition, provide the basis for an alternative approach which includes the separate calculation of the likely post-injury earnings. Rather than using an arbitrary Smith v Manchester award, it is recommended that the new tables are used to separately calculate the pre-injury and post-injury earnings. The difference gives the estimated future loss of earnings.
It is recognised that the employment risks have been estimated as averages for broadly defined groups and that they will inevitably be Feature: Work Life Expectancy: calculating compensation for loss of future earnings imprecise for any particular claimant due to the impact of unmeasured employment-related characteristics. In the light of this potential for imprecision, there is a role for discretionary adjustment on the part of the courts. However, the extent to which the court should apply its discretion is a subject of some controversy. The situation is similar to that which pertained before the Ogden Tables were created: the danger is that a judge bases their decision on instinct rather than scientific evidence. In all other areas where such judgmental instinct could be applied, it has become accepted that the fairest way is to use the estimates in the Ogden Tables without any adjustment. Our view is that the same conclusion should also be reached for the disability-adjusted RFs.
To illustrate the effect of judicial discretion, we now consider one of the first cases to be adjudicated on the basis of the new 'Ogden Six' approach. The approach taken by the court was to view the claimant's employment prospects as better than that assumed in the tables, and to set the award at a point midway between the disabled and non-disabled figures. The case involved a 51 year old motor mechanic (with a vocational qualification), who was hit by a car and was unable to continue in his job. However, he had a second source of earnings as a taxi driver and, from a medical viewpoint, he was considered able to continue in this employment post injury. The discounted life expectancy to retirement age (known in the Ogden Tables as the basic multiplier) for a 51 year old retiring at 65 years of age is 11.40. This means that his prospective earnings are equivalent to a lump sum now of 11.40 times his annual salary. To take into account the possibility of his not being in employment for some time before age 65, a RF of 0.82 should also be used for a non-disabled 51 year old male with his level of education. For a similar person who is disabled, the RF is 0.49. His earnings before the injury were £20,337 and after the injury they reduced to £13,645. Therefore, using the Ogden Tables without any adjustments, the compensation award should have been the difference between his expected pre-injury earnings, £20,327 × 11.40 × 0.82, and his expected post-injury earnings, £13,645 × 11.40 × 0.49, giving an amount of £113,796. The crucial figure in this calculation is 0.49, which indicates that the effect of a disability is to decrease, by 33 percentage points, the expected amount of time a 51 year old man with this level of education will spend in the labour force. Both RFs reflect observed outcomes in the labour market. However, on the court's interpretation, the claimant's injury was considered to be relatively modest and the reduction factor of 0.49 was adjusted upwards to 0.655, the mid-point between 0.49 and 0.82. The actual award based upon the discretionary adjustment to the RFs is calculated as follows: Feature: Work Life Expectancy: calculating compensation for loss of future earnings In fact, the actual award is comparable with that which would have been achieved under the old methodology in which the pre-injury multiplier is applied to post-injury earnings and the additional employment risks arising from disability are compensated by means of a Smith v Manchester lump sum award, based upon 24 months of additional non-employment. This calculation is as follows:
The court's decision to raise the disabled RF from 0.49 to 0.655 is based on either a misunderstanding of a peer group average or the belief that the impact of disability for the claimant is less than is measured in the LFS because this claimant (or perhaps claimants generally) are different from the LFS disabled. In relation to the first point, the potential misunderstanding, the average RFs in the Sixth Edition of the Ogden Tables reflect all factors which we can measure and include in the estimate and which have the greatest impact on the employment outcome. To the extent that severity of disability affects starting employment status, this is included in the RF, and it should be noted that if the claimant had not been employed (because, amongst other things, he was more severely disabled), the RF would have been 0.17. A more extensive account of the reasoning on this point can be found in Wass (2008) . The second point relates to potential imprecision and/or bias in the RFs. We readily acknowledge that the life time employment risks of a heterogeneous work force cannot be fully described by means of a series of transitions between two basic economic states which account only for sex, age, disability and level of education. Imprecision is inevitable when an individual outcome is determined on the basis of a group average, but this applies to all estimates used in this context, including estimates of life expectancy. The potential for bias is a more important concern which refers to circumstances where the group average, based on the LFS data, is incorrect as an average for claimants. This point is considered in more detail in Butt et al (2009) , where the conclusion is that the most reliable figures to use are the unadjusted RFs in the Sixth Edition of the Ogden Tables.
Conclusions
The purpose of the analysis has been to estimate employment outcomes incorporating the effects of disability and educational attainment in a transparent manner. Markov chains provide the best way to do this and, coupled with the quarterly panel LFS data, allow the estimation of work life expectancies conditional on the starting economic state of the claimant, by sex, age, disability status and educational achievement. Importantly, the joint modelling of the effects of disability, educational attainment and starting economic state allows us to differentiate between pre-and post-injury states. Since we demonstrate in this study that these variables have an important impact on employment outcomes, such a development constitutes a decisive improvement over the pre-existing method of damages' calculations which did not formally account for either of these factors.
We are mindful, nevertheless, that a potential for bias and imprecision remain and that the life time employment risks of a heterogeneous work force cannot be fully described by the means of simple labour market dynamics between two basic economic states disaggregated only by sex, age, disability status and educational attainment. In relation to the presence of imprecision, the courts have demonstrated a taste for the use discretion, but we would caution that greater care needs to be used in relation to the magnitude of such discretionary adjustments away from the average. We would expect that further research will be carried out in this area which would provide better evidence and guidance for taking into account individual circumstances. However, we believe that the fairest approach at present is to use the figures in the tables without any further adjustments.
